Several kinds of aerobic bacteria utilize nitrate as hydrogen acceptors in place of molecular oxygen, and grow anaerobically in the presence of nitrate.
This respiratory phenomenon is called "nitrate respiration"
(1), but it has not been widely used as a criterion for taxonomy. Fermentation of carbohydrates is also a mode of typical anaerobic respiration in microorganisms.
HUGH and LEIFsoN (2) reported that Gram-negative bacteria should be divided into several groups on the basis of the mode of cleavage of carbohydrates.
This proposal was accepted by several workers and employed for the determination of aerobic bacteria (3, 4 , 5, 6) . In the previous papers (7, 8) , it was reported that ability of nitrate respiration and the mode of cleavage of carbohydrates are appropriate as taxonomic features of the genus Pseudomonas.
As the mode of respiration is considered to reflect stages in the evolutionary process, the authors were interested in examining the occurrence of nitrate respiration and fermentative cleavage of carbohydrates in aerobic bacteria. This paper presents the distribution of these characteristics and discusses the interrelation of several genera of aerobic bacteria. KNO3 were also employed. Nutrient broth was composed of meat extract, 10 g ; peptone, 10 g ; NaCI, 3 g ; and distilled
MATERIALS AND METHODS

Microorganisms
water to 1000 ml, and pH adjusted to 7.2. After 1 to 2 days' incubation at 30°, growth, turbidity, and bubbling of gas were observed.
Test of oxidative or f ermentative cleavage of carbohydrates. Oxidative or f ermentative cleavage of carbohydrates was examined by HUGH and LEIFs0N's method (2) . Cells grown in nutrient agar slants for 24 hr were stabbed in two tubes of semi-solid agar media containing carbohydrates. After inoculation, one of the tubes was immediately sealed with sterilized liquid paraffin, while the other was left unsealed.
The medium was composed of peptone, 2 g ; NaCI, 5 g; K2HPO4, 0.3 g ; glucose or lactose, 10 g ; and distilled water to 1000 ml ; pH adjusted to 7.2 and colored with bromocresol purple (BCP). After 2 to 5 days' incubation at 30°, growth, turbidity, bubbling of gas and color change of BCP were observed.
As the medium was poorly buffered, production of acid could be sharply detected.
According to the terminology of HUGH and LEIFSON, the occurrence of f ermentative cleavage of carbohydrate was recognized when acid was produced in both sealed and unsealed tubes, and the occurrence of oxidative cleavage of carbohydrate was understood when acid production took place only in unsealed tubes.
RESULTS AND DISCUSSION
As shown in Table 2 Gram-positive bacteria tested failed to grow anaerobically by nitrate respiration. It is believed that the mode of nitrate respiration is more primitive than that of aerobic cytochrome respiration from the view-point of evolution (13) . From this point of view, it seems likely that Gram-positive bacteria are more highly developed microorganisms than Gram-negative bacteria. The f ermentative production of acid from glucose was widely recognized among the aerobic bacteria.
Generally, the members of Enterobacteriaceae, especially Escherichia and Aerobacter, produced acid and gas powerfully from glucose, and the other strains belonging to Gram-positive group, such as Micrococcus, Brevibacterium, Microbacterium, Bacillus, etc., produced acid weakly or moderately, but no gas, from glucose. The members of Pseudomonas produced acid only oxidatively, but no gas, from glucose. The strains producing acid from lactose were almost limited to the members of Enterobacteriaceae, but a few other species belonging to Cellulomonas, Brevibacterium, Microbacterium, etc. weakly produced acid from lactose. Furthermore, it is of great interest that the bacteria equipped with both the abilities of nitrate respiration and carbohydrate fermentation are limited to the members of Enterobacteriaceae.
From these facts, the members of this family can be easily distinguished from the other bacteria by testing both the abilities.
As shown in Table 3 , these findings agree well with the interrelation of the aerobic Gram-negative bacteria as was previously proposed by the authors (14, 15) on the basis of nutritional requirements and distribution of nucleoside phosphotransf erase. The oxidative and polary flagellated becteria, such as the fluorescent group of Pseudomonas (7, S), contrast with fermentative and polarly flagellated bacteria, such as Aeromonas, with respect 
